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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of 
Stephen MACAULEY et al 
Based on PCT/GB 00/02868 
FOR: DIAPHRAGM PUMPS 



PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

H- Sir: 

O Prior to examination, please amend the above-identified application as follows: 

I 

t IN THE SPECIFICATION 

O Page 1, between the title and paragraph [0001] insert the following: 

s 

O [0000.1] CROSS-REFERENCE TO RELATED APPLICATIONS 

m [0000.2] This application is a 35 U.S.C. 371 application of PCT/GB 00/02868, filed on 

h July 28, 2000. 

m [0000.3] BACKGROUND OF THE INVENTION 
[0000.4] Field Of The Invention 

between paragraphs [0000.5] and [0001] insert the following paragraph: 
[0000.6] SUMMARY OF THE INVENTION 

replace paragraph [0001] with the following amended paragraph: 
[0001] The present invention is a diaphragm pump comprising a two part casing formed 

of a front cover and a back cover, a diaphragm plate extending across the covers and 

being secured therebetween when the covers are fastened together, the diaphragm 

plate having a plurality of similarly defined circular regions, the front cover having 

substantially axially aligned inlet and outlet ports, each leading to mutually exclusive 
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inlet and outlet chambers respectively, a valve housing securable inside the front cover 
and having defined therein an outlet dished valve seat with a correspondingly concave 
resilient valve seated therein, the outlet valve seating having fluid passages 
therethrough, and a plurality of inlet valve seats, equal in number to the number of 
regions, each being similarly dished and having a correspondingly concave resilient 
valve seated therein, each inlet valve seat having fluid passages therethrough, the 
outlet valve being in fluid communication with the outlet chamber and the inlet valves 
being in fluid communication with the inlet chamber, and a wobble plate positioned in 
the back cover and having a central boss and a plurality of similar piston sections equal 
in number to the number of circular regions on the diaphragm, the piston sections and 
circular regions being correspondingly secured together, the wobble plate being subject 
to nutating motion to cause reciprocating action by the circular regions and provide a 
pumping action. 

Page 3, between paragraphs [0005] and [0006] insert the following: 
[0005.5] BRIEF DESCRIPTION OF THE DRAWINGS 

replace paragraph [0009] with the following amended paragraph: 
[0009] Figs. 3A and 3B are respectively exploded perspective views from above and 
from below of a valve housing of the pump; 



Page 4, between paragraphs [0015] and [0016] insert the following: 
[001 5.5] DESCRIPTION ON THE PREFERRED EMBODIMENTS 

replace paragraph [0017] with the following amended paragraph: 
[001 7] The front cover 1 0 has substantially axially aligned inlet and outlet ports 1 8, 20, 
each leading to a mutually exclusive inlet and outlet chambers 22,24, respectively. The 
outlet chamber 24 is provided centrally of the front cover 10 and has a wall surround 
25 through which the outlet port 20 communicates. The inlet chamber 22 is defined 
between the wall surround 25 and the sidewall of the front cover 10. 

replace paragraph [0018] with the following amended paragraph: 
[0018] A valve housing 26 is substantially planar and is secured inside the front cover 
10 and has defined therein on one side an outlet dished valve seat 28 with a 
correspondingly concave resilient valve 30 seated therein. The outlet valve seat 28 has 
a gridded area 32 forming fluid passages therethrough and a central hole 72. On the 
opposite side of the housing 26, a plurality of four inlet valve seats 34 are provided, 
each being similarily dished and having a corresponding concave resilient valve 36 
seated therein, each inlet valve seat 34 having arcuate gridded areas 38 forming fluid 
passages therethrough and a central hole 73. The outlet valve seat 28 is in fluid 
communication with outlet chamber 24 and the inlet valve seats 34 are in fluid 
communication with the inlet chamber 22. Each valve 30 and 36 is formed of a dished, 
part-spherical portion having a post 35 radially outstanding from its rear convex face, 
the post having bulbous portion 37, the valve being seated by the post 35 being pushed 
through the hole 72,73 respectively with the bulbous portion 37 holding the valve in 
position preventing unintentional removal. 



Page 5, replace paragraph [0023] with the following amended paragraph: 
[0023] The back cover 1 2 of the casing is secured to an electric motor 76 with the drive 
shaft connected via an eccentric 78 to the bearing 54 through the back cover 12. The 
eccentric 78 has a knurled portion 79 to fit into the wobble plate 40 with the drive shaft 
of the motor located in bore 81 . The motor 76 has a mounting bracket 56 with a series 
of mounting feet 58 fitted thereto, the feet 58 each being substantially ovoid in plan and 
of resilient material to dampen vibratory movement. The greater dimensioned end of 
each foot 58 has an upstanding headed stub pillar 60, the pillar 60 mating in an open 
slot 62 in the bracket 56. The slot 62 is narrower at its open end to hold the respective 
foot 58 in the slot. The feet 58 are similarly provided with two fixing holes 64 at their 
narrower end and being capable of rotating in and about their respective mating slot 62. 

Page 6, replace paragraph [0024] with the following amended paragraph: 
[0024] The valve housing 26 is fixed to the front cover 1 0 by a screw (not shown). An 
integral pressure switch (not shown) is provided in the back cover 12 with the 
diaphragm plate 14 being provided with a fifth defined circular region 66, smaller than 
the other regions 16, the rear diaphragm support plate 50 having a similarly shaped 
aperture 68 with wall surround to accommodate the circular region 66. A micro-switch 
(not shown) is retained in an enclosure 82 on the back cover 12 by an upstand 80 in the 
rear diaphragm support plate 50, and is activated by movement of the fifth circular 
region 66 serving as a pressure switch pad, the electrical wires to the micro-switch 
being fed internally from the front face of the motor. The valve housing 26, on the same 
side as the inlet valve seats 34 are positioned, is provided with a track 70 between two 



inlet valve seats 34 leading from a hole 72 exiting on that side and centrally provided 
in the outlet valve seat 28 provided on the opposite side, the track 70 mating with a 
corresponding track 74 provided on the diaphragm plate 14. The mated tracks 70, 74 
form a passage between the hole 72 and the fifth circular region 66 whereby any fluid 
leaving the outlet chamber 24 when under pressure through the screw travels along the 
passage and fills a void at the pressure pad on the opposite side of the diaphragm plate 
14 from the pressure switch causing activation of the micro-switch to stop the pump. 



5 Page 7, after paragraph [0029] insert the following new paragraph: 

m [0030] The foregoing relates to preferred exemplary embodiments of the invention, it 

M> 

m being understood that other variants and embodiments thereof are possible within the 

O 

L spirit and scope of the invention, the latter being defined by the appended claims. 

Q 

5 SKS 
S 5 K 
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S 

Hz 

Page 8, line 1 , delete "Claims" and insert-"We Claim"-. 
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IN THE CLAIMS 

Please cancel claims 1-13 and add new claims 14-33. 

1 4. A diaphragm pump comprising a two part casing formed of a front cover and a back 
cover, a diaphragm plate extending across the covers and being secured therebetween 
wen the covers are fastened together, the diaphragm plate having a plurality of similarly 
defined circular regions, the front cover having substantially axially aligned inlet and 
outlet ports, each leading to mutually exclusive inlet and outlet chambers respectively, 
u, a valve housing securable inside the front cover and having defined therein an outlet 
0 dished valve seat with a correspondingly concave resilient valve seated therein, the 
g outlet valve seating having fluid passages therethrough, and a plurality of inlet valve 
§ seats ' ec l ual in number to the number of regions, each being similarly dished and 
q having a correspondingly concave resilient valve seated therein, each inlet valve seat 

m 

jfa having fluid passages therethrough, the outlet valve being in fluid communication with 
O the outlet chamber and the inlet valves being in fluid communication with the inlet 
chamber, and a wobble plate positioned in the back cover and having a central boss 
and a plurality of similar piston sections equal in number to the number of circular 
regions on the diaphragm, the piston sections and circular regions being 
correspondingly secured together, the wobble plate being subject to nutating motion to 
cause reciprocating action by the circular regions and provide a pumping action, the 
wobble plate boss seating and holding a bearing, the bearing having been insert 
moulded in the boss with the boss having an inwardly-extending retaining flange over 
the bearing. 
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15. A pump as claimed in Claim 14, wherein the circular regions of the diaphragm are 
each provided with an outstanding lug formation and the mating surfaces of the piston 
sections of the wobble plate are provided with complimentary shaped slots, the 
securement being formed when the lug formation of each region is engaged in the slot 
of the corresponding piston section. 



16. A pump as claimed in Claim 15, wherein the lug formation of each diaphragm and 
the slot of each corresponding piston section is of cruciform shape. 

s . 

|, 1 7. A pump as claimed in Claim 1 5 wherein the outer ends of the lug formation are of 
ffl greater length than the slots to provide a locking means in the slots. 

P 

^ 18. A pump as claimed in Claim 16, wherein the outer ends of the lug formation are of 
Jjj greater length than the slots to provide a locking means in the slots. 

R1 

1 9. A pump as claimed in Claim 1 4, wherein a rear diaphragm support plate is provided 
in the back cover, the support plate having an equal number of similar apertures to the 
numbers of circular regions, each aperture having a walled surround, the circular 
regions fitting into respective apertures and being supported thereby. 



20. A pump as claimed in Claim 14, wherein the casing is secured to an electric motor 
with its drive shaft connected via an eccentric to the bearing. 
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21 . A pump as claimed in Claim 1 9, wherein the casing is secured to an electric motor 
with its drive shaft connected via an eccentric to the bearing. 

22. A pump as claimed in Claim 20, wherein the casing has a mounting bracket with 
a series of mounting feet fitted thereto, the feet each being substantially ovoid in plan 
and of resilient material, the greater dimensioned end having an upstanding headed 
stub pillar, each piller mating in a open slot in the bracket, the slot being narrower at 
its open end to hold the respective foot in its slot. 

23. A pump as claimed in Claim 14, wherein the valve housing is fixed to the front 
cover by a screw. 

24. A pump as claimed in Claim 15, wherein the valve housing is fixed to the front 
cover by a screw. 

25. A pump as claimed in Claim 19, wherein the valve housing is fixed to the front 
cover by a screw. 

26. A pump as claimed in Claim 22, wherein the valve housing is fixed to the front 
cover by a screw. 

27. A pump as claimed in Claim 14, further comprising an integral pressure switch 
provided in the back cover with the diaphragm plate being provided with a fifth defined 
circular region, smaller than the others, the rear diaphragm support plate having a 
similarly shaped aperture with wall surround to accommodate a micro-switch actuated 
by movement of the fifth circular region serving as a pressure switch pad, the electrical 
wires to the micro-switch being fed internally from the front face of the motor. 
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28. A pump as claimed in Claim 15, further comprising an integral pressure switch 
provided in the back cover with the diaphragm plate being provided with a fifth defined 
circular region, smaller than the others, the rear diaphragm support plate having a 
similarly shaped aperture with wall surround to accommodate a micro-switch actuated 
by movement of the fifth circular region serving as a pressure switch pad, the electrical 
wires to the micro-switch being fed internally from the front face of the motor. 

29. A pump as claimed in Claim 19, further comprising an integral pressure switch 
provided in the back cover with the diaphragm plate being provided with a fifth defined 

O circular region, smaller than the others, the rear diaphragm support plate having a 

Q 

£ similarly shaped aperture with wall surround to accommodate a micro-switch actuated 

J by movement of the fifth circular region serving as a pressure switch pad, the electrical 

T 5 wires to the micro-switch being fed internally from the front face of the motor. 

O 

Irs 

WS 

jp 30. A pump as claimed in Claim 20, further comprising an integral pressure switch 
^ provided in the back cover with the diaphragm plate being provided with a fifth defined 
circular region, smaller than the others, the rear diaphragm support plate having a 
similarly shaped aperture with wall surround to accommodate a micro-switch actuated 
by movement of the fifth circular region serving as a pressure switch pad, the electrical 
wires to the micro-switch being fed internally from the front face of the motor. 
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31 . A pump as claimed in Claim 14, wherein the valve housing, on the same side as 
the inlet valve seats are positioned, is provided with a track leading from a hole exiting 
on that side and centrally provided in the outlet valve seat provided on the opposite 
side, the track mating with a corresponding track provided on the diaphragm plate, the 
mated tracks forming a passage between the hole and the fifth circular region whereby 
any fluid leaving the outlet chamber when under pressure through the screw travels 
along the passage and fills a void at the pressure pad on the opposite side of the 
diaphragm plate from the pressure switch causing activation of the micro-switch to stop 
the pump. 

£ 32. A pump as claimed in Claim 19, wherein the valve housing, on the same side as 

y 

O the inlet valve seats are positioned, is provided with a track leading from a hole exiting 

© on that side and centrally provided in the outlet valve seat provided on the opposite 

ffl side, the track mating with a corresponding track provided on the diaphragm plate, the 
mated tracks forming a passage between the hole and the fifth circular region whereby 

m any fluid leaving the outlet chamber when under pressure through the screw travels 

jE along the passage and fills a void at the pressure pad on the opposite side of the 

Sj? diaphragm plate from the pressure switch causing activation of the micro-switch to stop 

ill 

the pump. 



33. A pump as claimed in Claim 22, wherein the valve housing, on the same side as 
the inlet valve seats are positioned, is provided with a track leading from a hole exiting 
on that side and centrally provided in the outlet valve seat provided on the opposite 
side, the track mating with a corresponding track provided on the diaphragm plate, the 
mated tracks forming a passage between the hole and the fifth circular region whereby 
any fluid leaving the outlet chamber when under pressure through the screw travels 
along the passage and fills a void at the pressure pad on the opposite side of the 
diaphragm plate from the pressure switch causing activation of the micro-switch to stop 
the pump. 
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IN THE ABSTRACT 

Please substitute the attached Abstract of the Disclosure with the abstract as 
originally filed. 



REMARKS 



The above amendments are being made to place the application in better 
condition for examination. 

Entry of the amendment is respectfully solicited. 



Greigg & Greigg, P.L.L.C. 
1423 Powhatan Street 
Unit One 

Alexandria, VA 22314 

Tel. (703)838-5500 
Fax. (703)838-5554 

REG/JLB/kg 

May 24, 2002 



Ronald E. Gremfl^h- 
Attorney for Appli^^^ 55 
Registration No7?n51 7 
Customer No. 02119 



Respec) 
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ABSTRACT OF THE DISCLOSURE 



A diaphragm pump comprises a two part casing formed of a front cover and a 
back cover. A diaphragm plate extends across the covers and is secured therebetween 
when the covers are fastened together. The diaphragm plate has a plurality of similarly 
defined circular regions. The front cover has substantially axially aligned inlet and outlet 
ports, each leading to mutually exclusive inlet and outlet chambers respectively. A 
valve housing is securable inside the front cover and has defined therein an outlet 
dished valve seat with a correspondingly concave resilient valve seated therein. The 
outlet valve seat has fluid passages therethrough. A plurality of inlet valve seats is 
provided, equal in number to the number of regions, each being similarly dished and 
having a correspondingly concave resilient valve seated therein. Each inlet valve seat 
has fluid passages therethrough. The outlet valve is in fluid communication with the 
outlet chamber and the inlet valves are in fluid communication with the inlet chamber. 
A wobble plate is positioned in the back cover and has a central boss and a plurality of 
similar piston sections equal in number to the number of circular regions on the 
diaphragm plate. The piston sections and circular regions are correspondingly secured 
together. The wobble plate is subject to nutating motion to cause reciprocating action 
by the circular regions and provide a pumping action. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE SPECIFICATION 

Page 1, between the title and paragraph [0001]: 
[0000.1] CROSS-REFERENCE TO RELATED APPLICATIONS 
[0000.2] This application is a 35 U.S.C. 371 application of PCT/GB 00/02868, filed on 
July 28. 2000. 

[0000.3] BACKGROUND OF THE INVENTION 
[0000.4] Field Of The Invention 

between paragraphs [0000.5] and [0001]: 
[0000.6] SUMMARY OF THE INVENTION 

paragraph [0001]: 

[0001] The [Accordingly, the] present invention is a diaphragm pump comprising a two 
part casing formed of a front cover and a back cover, a diaphragm plate extending 
across the covers and being secured therebetween when the covers are fastened 
together, the diaphragm plate having a plurality of similarly defined circular regions, the 
front cover having substantially axially aligned inlet and outlet ports, each leading to 
mutually exclusive inlet and outlet chambers respectively, a valve housing securable 
inside the front cover and having defined therein an outlet dished valve seat with a 
correspondingly concave resilient valve seated therein, the outlet valve seating having 
fluid passages therethrough, and a plurality of inlet valve seats, equal in number to the 
number of regions, each being similarly dished and having a correspondingly concave 
resilient valve seated therein, each inlet valve seat having fluid passages therethrough, 
the outlet valve being in fluid communication with the outlet chamber and the inlet 
valves being in fluid communication with the inlet chamber, and a wobble plate 
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positioned in the back cover and having a central boss and a plurality of similar piston 
sections equal in number to the number of circular regions on the diaphragm, the piston 
sections and circular regions being correspondingly secured together, the wobble plate 
being subject to nutating motion to cause reciprocating action by the circular regions 
and provide a pumping action. 

Page 3, between paragraphs [0005] and [0006]: 
[0005.5] BRIEF DESCRIPTION OF THE DRAWINGS 
paragraph [0009]: 

[0009] Figs. 3A and 3B are respectively exploded perspective views from above and 
from below of a valve housing of the pump; 

Page 4, between paragraphs [0015] and [0016]: 
[0015.5] DESCRIPTION ON THE PREFERRED EMBODIMENTS 
paragraph [0017]: 

[001 7] The front cover 1 0 has substantially axially aligned inlet and outlet ports 1 8, 20, 
each leading to a mutually exclusive inlet and outlet chambers 22,24, respectively. The 
outlet chamber 24 is provided centrally of the front cover 10 and has a wall surround 
25 through which the outlet port 20 communicates. The inlet chamber 22 is defined 
between the wall surround 25 and [a wall] the sidewall of the front cover 10. 
paragraph [0018]: 

[001 8] A valve housing 26 is substantially planar and is secured inside the front cover 
10 and has defined therein on one side an outlet dished valve seat 28 with a 
correspondingly concave resilient valve 30 seated therein. The outlet valve seat 28 has 
a gridded area 32 forming fluid passages therethrough and a central hole 72. On the 
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opposite side of the housing 26, a plurality of four inlet valve seats 34 are provided, 
each being similarily dished and having a corresponding concave resilient valve 36 
seated therein, each inlet valve seat 34 having arcuate gridded areas 38 forming fluid 
passages therethrough and a central hole 73. The outlet valve seat 28 is in fluid 
communication with outlet chamber 24 and the inlet valve seats 34 are in fluid 
communication with the inlet chamber 22. Each valve 30 and 36 is formed of a dished, 
part-spherical portion having a post 35 radially outstanding from its rear convex face, 
the post having bulbous portion 37, the valve being seated by the post 35 being pushed 
through the hole 72,73 respectively with the bulbous portion 37 holding the valve in 
position preventing unintentional removal. 

Jc 

2 Page 5, paragraph [0023]: 

P 

□ [0023] The back cover 1 2 of the casing is secured to an electric motor 76 with the drive 

O shaft connected via an eccentric 78 to the bearing 54 through the back cover 1 2. The 

m 

fif eccentric 78 has a knurled portion 79 to fit into the wobble plate 40 with the drive shaft 
j? of the motor [locating] located in bore 81 . The motor 76 has a mounting bracket 56 with 
a series of mounting feet 58 fitted thereto, the feet 58 each being substantially ovoid in 
plan and of resilient material to dampen vibratory movement. The greater dimensioned 
end of each foot 58 has an upstanding headed stub pillar 60, the pillar 60 mating in an 
open slot 62 in the bracket 56. The slot 62 is narrower at its open end to hold the 
respective foot 58 in the slot. The feet 58 are similarly provided with two fixing holes 
64 at their narrower end and being capable of rotating in and about their respective 
mating slot 62. 
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Page 6, paragraph [0024]: 
[0024] The valve housing 26 is fixed to the front cover 10 by a screw (not shown). An 
integral pressure switch (not shown) is provided in the back cover 12 with the 
diaphragm plate 14 being provided with a fifth defined circular region 66, smaller than 
the other regions 16, the rear diaphragm support plate 50 having a similarly shaped 
aperture 68 with wall surround to accommodate the circular region 66. A micro-switch 
(not shown) is retained in an enclosure 82 on the back cover 1 2 by an upstand 80 in the 
rear diaphragm support plate 50 . and is activated by movement of the fifth circular 
region 66 serving as a pressure switch pad, the electrical wires to the micro-switch 
being fed internally from the front face of the motor. The valve housing 26, on the same 
side as the inlet valve seats 34 are positioned, is provided with a track 70 between two 
inlet valve seats 34 leading from a hole 72 exiting on that side and centrally provided 
in the outlet valve seat 28 provided on the opposite side, the track 70 mating with a 
corresponding track 74 provided on the diaphragm plate 14. The mated tracks 70, 74 
form a passage between the hole 72 and the fifth circular region 66 whereby any fluid 
leaving the outlet chamber 24 when under pressure through the screw travels along the 
passage and fills a void at the pressure pad on the opposite side of the diaphragm plate 
14 from the pressure switch causing activation of the micro-switch to stop the pump. 

Page 7, after paragraph [0029]: 
[0030] The foregoing relates to preferred exemplary embodiments of the invention, it 
being understood that other variants and embodiments thereof are possible within the 
spirit and scope of the invention, the latter being defined bv the appended claims. 
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[Abstract] ABSTRACT OF THE DISCLOSURE 



A diaphragm pump comprises a two part casing formed of a front cover [(10)] 
and a back cover [(12)]. A diaphragm plate [(14)] extends across the covers [(10,12)] 
and is secured therebetween when the covers [(10,12)] are fastened together. The 
diaphragm plate [(14)] has a plurality of similarly defined circular regions [(16)]. The 
front cover [(10)] has substantially axially aligned inlet and outlet ports [(18)], each 
leading to mutually exclusive inlet and outlet chambers [(22,24)] respectively. A valve 
housing [(26)] is securable inside the front cover [(1 0)] and has defined therein an outlet 
dished valve seat (28) with a correspondingly concave resilient valve (30) seated 
therein. The outlet valve seat [(28)] has fluid passages therethrough. A plurality of inlet 
valve seats [(34)] is provided, equal in number to the number of regions, each being 
similarly dished and having a correspondingly concave resilient valve [(36)] seated 
therein. Each inlet valve seat (34) has fluid passages therethrough. The outlet valve 
[(30)] is in fluid communication with the outlet chamber [(24)] and the inlet valves [(36)] 
are in fluid communication with the inlet chamber [(22)]. A wobble plate [(40)] is 
positioned in the back cover [(1 2)] and has a central boss [(42)] and a plurality of similar 
piston sections [(44)] equal in number to the number of circular regions [(16)] on the 
diaphragm plate [(14)]. The piston sections [(44)] and circular regions [(16)] are 
correspondingly secured together. The wobble plate [(40)] is subject to nutating motion 
to cause reciprocating action by the circular regions [(16)] and provide a pumping 
action. 



17 



ln/048160 

ITOFCTRec'dZS JAN 2002 

WO 01/09510 PCT/GBOO/02868 



DIAPHRAGM PUMPS 

This invention relates to a diaphragm pump incorporating a wobble plate. 
Accordingly, the present invention is a diaphragm pump comprising a two 
part casing formed of a front cover and a back cover, a diaphragm plate extending 
across the covers and being secured therebetween when the covers are fastened 
together, the diaphragm plate having a plurality of similarly defined circular regions, 
5 the front cover having substantially axially aligned inlet and outlet ports, each leading 
to mutually exclusive inlet and outlet chambers respectively, a valve housing 
securable inside the front cover and having defined therein an outlet dished valve 
seat with a correspondingly concave resilient valve seated therein, the outlet valve 
seating having fluid passages therethrough, and a plurality of inlet valve seats, equal 

10 in number to the number of regions, each being similarly dished and having a 

correspondingly concave resilient valve seated therein, each inlet valve seat having 
fluid passages therethrough, the outlet valve being in fluid communication with the 
outlet chamber and the inlet valves being in fluid communication with the inlet 
chamber, and a wobble plate positioned in the back cover and having a central boss 

15 and a plurality of similar piston sections equal in number to the number of circular 
regions on the diaphragm, the piston sections and circular regions being 
correspondingly secured together, the wobble plate being subject to nutating motion 
to cause reciprocating action by the circular regions and provide a pumping action. 
Preferably, the circular regions of the diaphragm are each provided with an 

20 outstanding lug formation and the mating surfaces of the piston sections of the 
wobble plate are provided with complimentary shaped slots, the securement being 
formed when the lug formation of each region is engaged in the slot of the 
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corresponding piston section. The lug formation of each diaphragm and the slot of 
each corresponding piston section is beneficially of cruciform shape. The outer 
ends of the lug formation are desirably of greater length than the slots to provide a 
locking means in the slots. A rear diaphragm support plate may be provided in the 
back cover, the support plate having an equal number of similar apertures to the 
number of circular regions, each aperture having a wailed surround, the circular 
regions fitting into respective apertures and being supported thereby. 

Preferably also, the wobble plate boss seats and holds a bearing having a 
ball race, the boss having an inwardly-extending retaining flange. 

Preferably also, the casing is secured to an electric motor with the drive shaft 
connected to the bearing. The casing has desirably a mounting bracket with a 
series of mounting feet fitted thereto, the feet each being substantially ovoid in plan 
and of resilient material, the greater dimensioned end having an upstanding headed 
stub pillar, each pillar mating in a open slot in the bracket, the slot being narrower at 
its open end to hold the respective foot in its slot. The feet are desirably similarly 
provided with at least one fixing hole at their narrower end and being capable of 
rotating about their respective mating slot. 

Preferably further, the valve housing is fixed to the front cover by a screw. 
An integral pressure switch is beneficially provided in the back cover with the 
diaphragm plate being provided with a fifth defined circular region, smaller than the 
others, the rear diaphragm support plate having a similarly shaped aperture with wail 
surround to accommodate a micro-switch activated by movement of the fifth circular 
region serving as a pressure switch pad, the electrical wires to the micro-switch 
being fed internally from the front face of the motor. The valve housing, on the same 
side as the inlet valve seats are positioned, is preferably provided with a track 
leading from a hole exiting on that side and centrally provided in the outlet valve seat 
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provided on the opposite side, the track mating with a corresponding track provided 
on the diaphragm plate, the mated tracks forming a passage between the hole and 
the fifth circular region whereby any fluid leaving the outlet chamber when under 
pressure through the screw travels along the passage and fills a void at the pressure 
5 pad on the opposite side of the diaphragm plate from the pressure switch causing 
activation of the micro-switch to stop the pump. 

An embodiment of the present invention will now be described, by way of 
example, with reference to the accompanying drawings, in which:- 

Figs. 1 A and 1B are perspective views from above and from below of a front 
10 cover of a diaphragm pump according to the present invention; 

Figs. 2A and 2B are respectively perspective views from above and from 
below of a back cover of the pump; 

Figs. 3A and 3B are respectively perspective views from above and from 
below of a valve housing of the pump; 
15 Figs. 4A and 4B are respectively perspective views from above and from 

below of a diaphragm plate of the pump; 

Figs. 5A and 5B are respectively perspective views from above and from 
below of a diaphragm support plate of the pump; 

Figs. 6A, 6B and 6C are respectively a perspective view from above, a 
20 perspective view from below, and a cross-sectional view of a wobble plate of the 
pump; 

Figs. 7A and 7B are respectively a perspective view from above and from 
below of an eccentric positioned between a wobble plate and the drive shaft of an 
electric motor; 

25 Fig 8 is a perspective view of an assembled pump; and 

Fig. 9 is a modified diaphragm support plate, 
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Referring to the drawings, a diaphragm pump comprises a two part casing 
formed of a front cover 10 and a back cover 12. A diaphragm plate 14 extends 
across and between the covers 10, 12 and is secured therebetween when the 
covers 10, 12 are fastened together by screw fasteners 13. The diaphragm plate 14 
5 has a plurality of four similarly defined circular regions 16. 

The front cover 10 has substantially axially aligned inlet and outlet ports 18, 
20, each leading to a mutually exclusive inlet and outlet chambers 22, 24, 
respectively. The outlet chamber 24 is provided centrally of the front cover 10 and 

S 5 

O has a wall surround 25 through which the outlet port 20 communicates. The inlet 

£3 

J30 chamber 22 is defined between the wall surround 25 and a wall of the front cover 10. 
A valve housing 26 is substantially planar and is secured inside the front 
cover 10 and has defined therein on one side an outlet dished valve seat 28 with a 
correspondingly concave resilient valve 30 seated therein. The outlet valve seat 28 
has a gridded area 32 forming fluid passages therethrough and a central hole 72. 
Ms On the opposite side of the housing 26, a plurality of four inlet valve seats 34 are 

nil 

provided, each being similarly dished and having a correspondingly concave 
resilient valve 36 seated therein, each inlet valve seat 34 having arcuate gridded 
areas 38 forming fluid passages therethrough and a central hole 73. The outlet 
valve seat 28 is in fluid communication with the outlet chamber 24 and the inlet valve 

20 seats 34 are in fluid communication with the inlet chamber 22. Each valve 30 and 
36 is formed of a dished, part-spherical portion having a post 35 radially outstanding 
from its rear face, the post having a bulbous portion 37, the valve being seated by 
the post 35 being pushed through the hole 72, 73 respectively with the bulbous 
portion 37 holding the valve in position preventing unintentional removal. 

25 A wobble plate 40 is positioned in the back cover 12 and has a central boss 

42 and a plurality of four similar piston sections 44, The piston sections 44 and 



m 
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circular regions 16 are correspondingly secured together. The wobble plate 40 is 
subject to nutating motion, like 'four cylinders', to cause reciprocating action by the 
circular regions 16 of the diaphragm plate 14 sequentially and provide a pumping 
action. 

5 The circular regions 16 of the diaphragm 14 are each provided with an 

outstanding lug formation 46 and the mating surfaces of the piston sections 44 of the 
wobble plate 40 are provided with complementary shaped slots 48. The securement 
between them is formed when the lug formation 46 of each region 16 is engaged in 
the slot 48 of the corresponding piston section 44. The lug formation 46 of each 

10 diaphragm 14 and the slot 48 of each corresponding piston section 44 is of cruciform 
shape. The outer ends of the lug formation 46 are of greater length that the slots 48 
to provide a locking means with the slots 48. 

A rear diaphragm support plate 50 is provided in the back cover 12, the 
support plate 50 having four similar apertures 52. Each aperture 52 has a walled 

15 surround with the circular regions 16 fitting into respective apertures 52. 

The boss 42 of the wobble plate 40 seats and holds by an inwardly-extending 
retaining flange 56 a bearing 54 having a ball race, the bearing 54 having been 
insert moulded in the boss 42. 

The back cover 12 of the casing is secured to an electric motor 76 with the 

20 drive shaft connected via an eccentric 78 to the bearing 54 through the back cover 
12. The eccentric 78 has a knurled portion 79 to fit into the wobble plate 40 with the 
drive shaft of the motor locating in bore 81. The motor 76 has a mounting bracket 
56 with a series of mounting feet 58 fitted thereto, the feet 58 each being 
substantially ovoid in plan and of resilient material to dampen vibratory movement. 

25 The greater dimensioned end of each foot 58 has an upstanding headed stub pillar 
60, the pillar 60 mating in an open slot 62 in the bracket 56. The slot 62 is narrower 
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at its open end to hold the respective foot 58 in the slot. The feet 58 are similarly 
provided with two fixing holes 64 at their narrower end and being capable of rotating 
in and about their respective mating slot 62. 

The valve housing 26 is fixed to the front cover 10 by a screw (not shown). 

5 An integral pressure switch (not shown) is provided in the back cover 12 with the 
diaphragm plate 14 being provided with a fifth defined circular region 66, smaller 
than the other regions 16, the rear diaphragm support plate 50 having a similarly 
shaped aperture 68 with wall surround to accommodate the circular region 66. A 
micro-switch (not shown) is retained in an enclosure 82 on the back cover 12 by an 

10 upstand 80 in the rear diaphragm support plate 50 is activated by movement of the 
fifth circular region 66 serving as a pressure switch pad, the electrical wires to the 
micro-switch being fed internally from the front face of the motor. The valve housing 
26, on the same side as the inlet valve seats 34 are positioned, is provided with a 
track 70 between two inlet valve seats 34 leading from a hole 72 exiting on that side 

15 and centrally provided in the outlet valve seat 28 provided on the opposite side, the 
track 70 mating with a corresponding track 74 provided on the diaphragm plate 14. 
The mated tracks 70, 74 form a passage between the hole 72 and the fifth circular 
region 66 whereby any fluid leaving the outlet chamber 24 when under pressure 
through the screw travels along the passage and fills a void at the pressure pad on 

20 the opposite side of the diaphragm plate 14 from the pressure switch causing 
activation of the micro-switch to stop the pump. 

In use, with the inlet and outlet ports connected to a supply source and a 
demand requirement and the motor connected up to a supply of electricity, the pump 
can be switched on to pump, in an even flow, fluid, normally water, from the supply 

25 source. The motor drives the wobble plate to nutate and reciprocate the piston 
sections and circular regions of the diaphragm plate in a pumping action. 
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In a first modification, the concave resilient valve 30 and post 35 is provided 
with a bore strengthened by a metallic tubular liner through which the valve 30 and 
valve housing 26 is secured by a fastening (not shown) through a washer to the 
front cover 10. 

In a second modification, the valve housing 26, the diaphragm plate 14 and 
the diaphragm support plate 50 are provided with five apertures (not shown) and are 
secured together by five fastenings (not shown) into respective bosses 90 provided 
on the support plate 50 (as shown in Fig. 9), the fastenings being fixed in the 
opposite direction to the fastening of the valve housing 26 and valve 30. 

In a third modification, the lug formations 46 and slots 48 are omitted and the 
piston sections 44 are each screw fastened to respective circular regions 16 of the 
diaphragm 14. 

Variations and modifications can be made without departing from the scope 
of the invention described above and as claimed hereinafter. 
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CLAIMS 

1 . A diaphragm pump comprising a two part casing formed of a front cover and 
a back cover, a diaphragm plate extending across the covers and being secured 

5 therebetween when the covers are fastened together, the diaphragm plate having a 
plurality of similarly defined circular regions, the front cover having substantially 
axiaily aligned inlet and outlet ports, each leading to mutually exclusive inlet and 
outlet chambers respectively, a valve housing securable inside the front cover and 
having defined therein an outlet dished vaive seat with a correspondingly concave 

10 resilient valve seated therein, the outlet valve seating having fluid passages 

therethrough, and a plurality of inlet valve seats, equal in number to the number of 
regions, each being similarly dished and having a correspondingly concave resilient 
valve seated therein, each inlet valve seat having fluid passages therethrough, the 
outlet valve being in fluid communication with the outlet chamber and the inlet valves 

15 being in fluid communication with the inlet chamber, and a wobble plate positioned in 
the back cover and having a central boss and a plurality of similar piston sections 
equal in number to the number of circular regions on the diaphragm, the piston 
sections and circular regions being correspondingly secured together, the wobble 
plate being subject to nutating motion to cause reciprocating action by the circular 

20 regions and provide a pumping action. 

2. A pump as claimed in Claim 1 , wherein the circular regions of the diaphragm 
are each provided with an outstanding lug formation and the mating surfaces of the 
piston sections of the wobble plate are provided with complimentary shaped slots, 

25 the securement being formed when the fug formation of each region is engaged in 
the slot of the corresponding piston section. 
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3. A pump as claimed in Claim 2, wherein the lug formation of each diaphragm 
and the slot of each corresponding piston section is of cruciform shape. 

5 4. A pump as claimed in Claim 2 or 3, wherein the outer ends of the lug 

formation are of greater length than the slots to provide a locking means in the slots. 

5. A pump as claimed in Claim 1 , 2 or 3, wherein a rear diaphragm support 
plate 

10 is provided in the back cover, the support plate having an equal number of similar 
apertures to the number of circular regions, each aperture having a walled surround, 
the circular regions fitting into respective apertures and being supported thereby. 

6. A pump as claimed in any one of the preceding Claims, wherein the wobble 
15 plate boss seats and holds a bearing having a ball race, the boss having an 

inwardly-extending retaining flange. 

7. A pump as claimed in any one of the preceding Claims, wherein the casing is 
secured to an electric motor with the drive shaft connected to the bearing. 

20 

8. A pump as claimed in any one of the preceding Claims, wherein the casing 
has a mounting bracket with a series of mounting feet fitted thereto, the feet each 
being substantially ovoid in plan and of resilient material, the greater dimensioned 
end having an upstanding headed stub pillar, each pillar mating in a open slot in the 

25 bracket, the slot being narrower at its open end to hold the respective foot in its slot. 
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9. A pump as claimed in Claim 8, wherein the feet are similarly provided with 
at 

least one fixing hole at their narrower end and being capable of rotating about their 
respective mating slot. 

10. A pump as claimed in any one of the preceding Claims, wherein the valve 
housing is fixed to the front cover by a screw. 

11. A pump as claimed in any one of the preceding Claims, wherein an integral 
pressure switch is provided in the back cover with the diaphragm plate being 
provided with a fifth defined circular region, smaller than the others, the rear 
diaphragm support plate having a similarly shaped aperture with wall surround to 
accommodate a micro-switch activated by movement of the fifth circular region 
serving as a pressure switch pad, the electrical wires to the micro-switch being fed 
internally from the front face of the motor. 

12. A pump as claimed in any one of the preceding Claims, wherein the valve 
housing, on the same side as the inlet vaive seats are positioned, is provided with a 
track leading from a hole exiting on that side and centrally provided in the outlet 
valve seat provided on the opposite side, the track mating with a corresponding track 
provided on the diaphragm plate, the mated tracks forming a passage between the 
hole and the fifth circular region whereby any fluid leaving the outlet chamber when 
under pressure through the screw travels along the passage and fills a void at the 
pressure pad on the opposite side of the diaphragm plate from the pressure switch 
causing activation of the micro-switch to stop the pump. 
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13. A diaphragm pump substantially as hereinbefore described with reference 
to the accompanying drawings. 
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Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in TitJe 37, C. F. Ft., 
Section 1.56 which became available between the filing date of the prior application and the national 
oHPCT international filing date of this application: 



m (Application Serial No.) (Filing Date) (Status) 

[1 (patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



L£ (Application Serial No.) (Filing Date) (Status) 

~4 (patented, pending, abandoned) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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j POVZER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
Aagent(s) to prosecute this application and transact alf business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 
Ronald E. Greigg - Registration No, 31 , 517 




Send Correspondence to: R<m3dd E * Grc 'gg 

Gr ejgg & Grelg g P.LX.C. 

J 423 Powhatan vStr^et^Unit Oiie^ 

Alexandria. Virginia 2 2314 



Jjbirect Telephone Calls to: (name and telephone number) 

Ijjtonald E» Grcigg - (703) 838-5500/Tclcphone - (703) 838-5554/Facsiinile 



.A 



^ FuK name of sole or first inventor 






m Stephen Macaulev 






fmi 5oJe v or first Inventor's signature O 






Residence. l/ 
m? Old Belfast ROad, Bangor, BT19 1LT, COunty Down, 


Northern Ireland, 


U.K. 


i: Citizenship 

\§ BRITISH 






JZ Post Office Address 

Bold Belfast Road, Bangor, BT19 1LT 


s " County Down, Northern Ireland, United Kingdom 



Full name of second inventor, if any 



4ichael EVASON 



Second Inventor's signature 




Residence i / 

Unit 3 r Weavers Court Business Park, Linfield Road, Belfas t, BT12 5GL, N.I., U.K. 



Citizenship 



BRITISH 



Post Office Address 

Unit 3 , Wea vers Court Business Park, Linfield Road 



Belfast, BT12 5GL, Northern Ireland, United Kingdom 
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Full name erf third inventor, If any 

< Robert Stanley McFARLAND 



Residence i // h v2 v' 

Old Bel'fast Road, Bangor, ferl9 1LT, COunty Down, Northern Ireland^U.K. vTp K , 



Third inv«ntbr f s signature ~ > y ^7 Dat© 

M. ^ c Ju^tc^jL 27//. 



Citizenship; 

BRITISH 



Post Office Address 

Old Belfast Road, Bangor, BT19 1LT 



County Down, Northern Ireland, United Kingdom 



Full name of fourth inventor, if any 



Fourth inventor's signature Date 



Residence 



Citizenship. 



Post Office Address 

p. 

-r-B ' 



;jgu(l name of fifth inventor, if any 


! ^fth inventors signature 


Date 




igbsidence 






Ul 






Citizenship- 


£§3t Office Address 













Full name ot sixth inventor. If any 



Residence: 



Citizenship 



Post Office Address 



Sixth inventor's signature Date 
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